The relationship between serial changes in soluble tumor necrosis factor receptor type 1 (TNFR1) levels and an early decline in estimated glomerular filtration rate (eGFR) decline remains to be defined. We found that in patients with an early decline in renal function (n = 30), soluble TNFR1 values increased (2,595 -683 vs 3,596 -1,203 pg/mL, P < 0.001) as eGFR decreased (89 -1 vs 51 -2 mL/min/1.73m 2 , P < 0.001) over an 8-year period. In contrast, there were no significant changes in soluble TNFR1 levels in patients with stable renal function (n = 17). In a multilevel mixed effects regression model, changes in soluble TNFR1 levels were found to be independently associated with eGFR decline (Z = -4.31, P < 0.001). An early decline in eGFR is associated with an increase in soluble TNFR levels; however, the factors driving this increase and the possible pathological role that soluble TNFR1 plays in progressive diabetic kidney disease remain to be determined.
INTRODUCTION
Low-grade chronic inflammation is increasingly recognized as a major driver for the development and progression of diabetic kidney disease (DKD) [1] [2] [3] [4] . Tumor necrosis factor (TNF) is a key mediator of inflammation and plays a role in apoptosis. TNF mediates its signal through two distinct receptors, TNF receptor 1 (TNFR1) and TNF receptor 2 (TNFR2), which are membrane-bound and also present in a soluble form in serum 5 . Baseline serum levels of soluble TNFRs (sTNFRs) are linked to the progression of DKD, and might have a stronger prognostic ability for the development of end-stage renal disease than albuminuria 6 . Furthermore, a recent study has shown that baseline sTNFR levels are independently associated with a higher risk of estimated glomerular filtration rate (eGFR) decline in the setting of early or advanced DKD 7 . The ability of baseline levels of sTNFRs to show an exaggerated risk for DKD might be enhanced by considering longitudinal patterns of the levels of the receptor(s) 8 . Therefore, the aim of the present pilot study was to compare changes in sTNFR1 levels in patients with stable or an early decline in renal function.
METHODS
The participants involved in this study attended diabetes clinics at Austin Health, a University of Melbourne tertiary referral center, in Melbourne, Australia. From a clinical database, we identified 47 patients with either type 1 or 2 diabetes that had at least four estimations of GFR over a 4-year period (with minimum time between eGFR measurements of 4.7 months) and an initial eGFR >60 mL/min/1.73 m 2 . Patients were then divided into two groups on the basis of their change in renal function; that is, those with stable or an early decline in renal function. Patients were considered to have an early decline in renal function if their rate of eGFR decline was >3.5 mL/min/ 1.73 m 2 per year with a final eGFR <60 mL/min/1.73 m 2 9 . Clinical and biochemical assessments were made at four time intervals for each patient (mean time with the follow up for stable and early renal function decline patients was not different, 7.4 [interquartile range [6] [7] [8] years and 7.7 [interquartile range [6] [7] [8] [9] years, respectively). GFR was estimated using the creatinine Chronic Kidney Disease Epidemiology Collaboration formula 10 . Written informed consent was obtained from participants in this study for the unrestricted use of their clinical data for non-interventional research studies, as approved by the Austin Health Human Research Ethics Committee.
We measured sTNFR1 levels in stored serum samples using an enzyme-linked immunoassay kit (Human sTNFR1 EIA-BIO 94) obtained from EKF diagnostics (Dublin, Ireland). Patient serum was retrieved from frozen samples, and stored from 2001 to 2015. The coefficients of variation for intra/interassay precision (as assessed by the manufacturer) were 3.3 and 5.1%, respectively, and as described previously 11 . Group differences at baseline were compared using t-tests and non-parametric tests where appropriate. Analysis of variance (ANOVA) was used to analyze the differences among group means for sTNFR1 levels and eGFR across time, with the Tukey-Kramer test used to make pairwise comparisons within the two groups of patients. Multilevel mixed-effects regression models were used to examine the relationship between changes in biochemical/clinical variables and eGFR across time.
RESULTS
The initial clinical and biochemical parameters for patients with stable and an early decline in renal function are shown in Table 1 . Both groups of patients were matched for baseline parameters apart from age. By definition, eGFR values progressively decreased during the follow-up period (F = 90, P < 0.001) in the early declining group, with this decrease being accompanied by a significant increase in sTNFR1 values (F = 90.0, P < 0.001). In the early eGFR declining group, a significant increase in sTNFR1 levels was already apparent after 2-4 years of follow up (change in levels: 660 pg/mL, P < 0.05). The rate of change in sTNFR1 levels over the entire follow-up period also correlated with the rate of change in eGFR, but only patients with an early decline in renal function (n = 30) were considered (r = -0.45, P < 0.05, data not shown).
For patients with an early decline in renal function, eGFR decreased (89 -1 vs 51 -2 mL/min/1.73 m 2 , P < 0.001) and sTNFR1 values increased (2,595 -683 vs 3,596 -1,203 pg/mL, P < 0.001) from baseline to the end of the follow-up period, respectively. There were no significant changes in the albumin excretion rate (AER) in the early declining renal function group. The change from baseline to the end of follow up for eGFR, sTNFR1 levels and AER are shown in Figure 1 . There were no significant changes in sTNFR1 levels or AER in the stable renal function group. Although some parameters changed during the study period within each group, there were no significant differences in any final clinical or biochemical variable for stable or early declining renal function patients apart from sTNFR1 values and eGFR ( Table 2) .
The results of multilevel mixed-effects regression models for various clinical and biochemical variables with changes in eGFR as the dependent variable are shown in Table 3 . In model 1, which was adjusted for changes in AER, changes in sTNFR1 levels were independently associated with eGFR decline (Z = -3.37, P < 0.01) over the follow-up period of the study. By definition, follow-up time was also significantly associated with the decline in eGFR in all of the regression models. In model 2, which was also adjusted for age, sex and glycated hemoglobin, as well as changes in AER, TNFR1 levels remained independently associated with eGFR decline (Z = -3.49, P < 0.001). Furthermore, in a fully adjusted model that included 18 clinical and biochemical variables with changes in eGFR as the dependent, changes in sTNFR1 levels still remained independently associated with eGFR decline (Z = -4.31, P < 0.001).
The only other variables independently related to changes in eGFR in the fully adjusted model included follow-up time, patient's age at the start of the study and diabetes duration. Furthermore, when the fully adjusted model was constructed with and without the addition of changes in sTNFR1 levels, it was found that including the changes in sTNFR1 levels significantly increased the model's ability to predict the risk for an early decline in renal function (v 2 likelihood ratio = 15.2, P = 0.0001).
DISCUSSION
The present small pilot study suggests that there is a temporal relationship between an increase in sTNFR1 levels and an early decline in eGFR. This relationship is independent of other factors, such as changes in albuminuria, glycated hemoglobin and systolic blood pressure. Changes in sTNFR1 levels also improved prediction for renal function decline. Monitoring changes in sTNFR1 levels might therefore emerge as a promising biomarker-based method for evaluating an individual patient's risk for the development and progression of DKD. It could also prove useful for gauging the effectiveness of novel approaches that aim to slow renal function loss. However, given our small sample size and the fact that urinary clearance of TNF receptors was not assessed, the results of this pilot study should only be interpreted as hypothesis generating. The molecular weight of sTNFR1 is just 55 KD, and despite some presumed ectodomain cleavage of the receptor, is the predominant form of sTNFR1 found in human sera 12 . A contribution of plasma accumulation of the receptor as GFR declines through reduced renal clearance is therefore possible and, indeed, sTNFR1 levels are detectable in urine, and serum levels have been reported to correlate with eGFR in cross-sectional studies [13] [14] [15] . However, the present results could also be consistent with the growing body of evidence implicating sTNFR in the pathogenic processes that promote GFR loss in diabetes 6, 16, 17 . Currently, the exact role that TNF and its soluble receptors play in DKD remains unknown. However, inflammatory processes, reflected by activation of the TNF system, have been consistently linked to the development and progression of DKD 6, 18, 19 . Thresholds for baseline levels or rates of changes of sTNFR levels over time that indicate an increased risk for DKD have yet to be established. Indeed, we did not detect a difference between baseline sTNFR1 levels between patients with subsequent stable or declining eGFR levels, as seen in larger studies [20] [21] [22] [23] . However, given the relatively small number of patients with stable renal function that we studied, and the fact that both groups of patients were very well matched for baseline clinical and biochemical parameters, our finding of similar initial sTNFR1 levels between the two groups of patients with different GFR trajectories might not be an entirely unexpected finding.
To date, there has only been a very limited assessment of possible changes in sTNFR levels over time in relation to parameters related to renal function. In a study from the Joslin Diabetes Center in the USA, the sTNFR1 levels of 77 patients type 1 diabetes mellitus were measured at baseline and after 2.5 years of follow up 21 . These patients were presumably randomly selected from a larger group of 625 patients in which higher baseline sTNFR1 levels were shown to be associated with a greater chance of achieving stage 3 chronic kidney disease (eGFR <60 mL/min/ 1.73 m 2 ) after 12 years of follow up. In that study, just 69 patients (11%) developed an eGFR <60 mL/min/1.73 m 2 . In the subgroup of patients (n = 77) with a repeat sTNFR1 level measurement, no significant change in TNFR1 was found. However, given that many patients who had a repeat sTNFR1 level measurement where not selected on the basis of change in renal function, many of these patients might not have experienced any significant decline in eGFR during the follow-period. In contrast, in the present patients that were selected for an early decline in eGFR, sTNFR1 levels started to significantly decline after only a 2-4-year follow-up period.
In conclusion, the present findings show that monitoring early changes in sTNFR1 levels, regardless of the absolute baseline level of the receptor, might provide another method of detecting a patient's risk for an early decline in renal function.
